DNA sequences corresponding to gene segments that code for the nonstructural protein, the matrix protein, and the hemagglutinin of influenza A virus [strain A/Udor/72 (H3N2)] were cloned in Escherichia coli pBR 322. Initially, positive and negative cDNA strands were prepared separately by reverse transcription. The positive strands of cDNA were transcribed from genomic RNA segments by using a specific dodecamer DNA sequence as a primer; the negative strands of cDNA were transcribed from cytoplasmic viral mRNA segments by using an oligo(dT) primer. DNA duplexes corresponding in size to the virus RNA segments were then purified, inserted into the plasmid DNA, and used for transformation of E. coli. The influenza virus-specific DNA sequences isolated from recombinant plasmid molecules were characterized by mapping restriction enzyme cleavage sites. In addition, the orientation of cloned DNA was determined with reference to the 3' terminus of viral RNA.
The negative-stranded RNA genome of influenza A virus contains eight segments that vary from 0.2 to 0.9 X 106 daltons (1) (2) (3) (4) . Analysis of virion RNA from influenza A strains diverse in antigenic subtype indicates that all eight RNA segments contain a common sequence of 13 nucleotides at the 3' terminus and another common sequence of 12 nucleotides at the 5' terminus (5, 6) . In the infected cell, these RNA segments are transcribed and polyadenylylated to generate the corresponding positive-stranded mRNA species (7, 8) . With the exception of viral RNA segment 8 which encodes two nonstructural proteins (NS1 and NS2), each RNA segment seems to code for a specific viral component and to be responsible for a specific viral function (9) (10) (11) . The virion components include the polymerase proteins (P1, P2, P3), nucleoprotein (NP), matrix protein (M), and the two surface proteins, the hemagglutinin (H) and the neuraminidase (N) (12, 13) . The functional role which these viral proteins play in viral replication and maturation is only partially understood. It is also unclear how the requisite eight RNA segments are selected for assembly into Preparation of Influenza Virus RNA Segments. Infection of 8-to 9-day embryonated eggs with influenza virus, purification of virus particles from the allantoic fluid, and extraction of vRNA were carried out as described (14) . Infection of MDCK cells with virus and subsequent treatment of cells to enhance cytoplasmic RNA synthesis were performed as described (15) . Procedures for preparation of cytoplasmic RNA and separation of the poly(A)-containing RNA fraction by affinity chromatography on oligo(dT)-cellulose columns were as described (16) .
Synthesis of cDNA Strands. Conditions for the reverse transcriptase reaction were as detailed by Myers et al. (17) . The reaction mixture (1 ml) contained: vRNA, 50,ug; dodecamer (21) . cDNA strands of influenza virus were separately prepared from the virion RNA and cytoplasmic viral mRNA segments by using the AMV reverse transcriptase (Fig. 1 ). After hybridization, the duplex DNA molecules were purified and separated by electrophoresis according to size. The selected influenza-specific DNA fragments were inserted into plasmid pBR 322 at the Pst I site by utilizing the dG/dC joining technique (22) . The recombinant DNA molecules were used for transformation of E. coli and the transformants were analyzed for the presence of influenza viral DNA-specific sequences-by using 32P-labeled total (+) cDNA as a probe. We assumed that cellular repair enzymes would convert the unpaired regions at the termini of the constructed DNA to yield a complete duplex molecule. DNA recombinants corresponding to several individual influenza genes were isolated by using this approach.
RESULTS
Synthesis of Influenza Virus DNA Strands. We used a do- The size of (+) cDNA species (bands 1 to 8 in Fig. 2 (26) . The digests were analyzed by electrophoresis on 1.4% agarose gel (27) . Three digestion. The digests of these DNA species resulting from treatment with several enzymes that produced a single cleavage were analyzed by polyacrylamide gel electrophoresis. Representative results are presented in Fig. 4 . The NS DNA was cleaved by Hae III into two fragments of 640 and 310 nucleotides, and the M gene was cleaved by Pst I into fragments of 830 and 290 nucleotides. Similarly, the H gene was also cleaved once by EcoRI or HindIll to yield fragment pairs of 1430 and 520 or 1520 and 430 nucleotides, respectively.It should be noted that these cloned DNA segments contained oligo(G/C) sequences at both termini. NS DNA was cleaved once by Hpa II to yield fragments containing 470 and 480 nucleotides (not shown in Fig. 4) . Similarly, BamHI cleaved the 830-nucleotide Pst I fragment of M DNA to yield approximately 800 and 30 nucleotides. Bgl II and Hha I each cleaved H DNA at two sites to yield fragments of approximately 1200, 550, and 200 nucleotides and of 870, 850, and 220 nucleotides, respectively. These sites were located by identifying the labeled fragments from a digest of 3'-32P-labeled H DNA duplexes previously cleaved with EcoRI. The orientation of the cloned DNA (corresponding to synthesis of RNA during infection) was established as follows. M DNA duplexes containing a 5'-32P-labeled (+) DNA strand were obtained by mixing the 5'-32P-labeled (+) cDNA with an excess amount of cloned M DNA followed by dissociation and hybridization of strands. The labeled duplexes yielded a labeled fragment of 0.24 map unit (290 nucleotides) after Pst I cleavage. In the case of NS and H, hybridization of vRNA occurred with the labeled strand of a 0.67-unit fragment (640 nucleotides) produced by Hae III cleavage of 3'-32P-labeled NS DNA and with the labeled strand of a 0.26-unit fragment (520 nucleotides) produced by EcoRI cleavage of 3'-32P-labeled H DNA duplexes (data not shown). From these analyses we established the orientation of the cloned influenza virus DNA segments as well as the positions of the restriction enzyme sites with respect to this orientation (Fig. 5) .
DISCUSSION
We obtained cloned DNA sequences corresponding to NS, M, and H genomic RNA segments of influenza A/Udorn/72 (H3N2) virus by using DNA duplexes that were formed between cDNAs copied from (-) virion RNA segments and (+) viral mRNA species derived from infected cells. This approach should be generally applicable to other influenza virus genes as well as to other (-) RNA viruses. The second strand of the DNA duplex used for cloning was derived from reverse transcription of cytoplasmic poly(A)-containing mRNA. It has been shown that the viral mRNA species are 20-30 bases shorter at their 3' ends and therefore a portion of the 5' end of vRNA is not represented (8, 15) . On the other hand, the cytoplasmic viral mRNA may contain additional priming sequences at the 5' ends as suggested by the recent findings of Bouloy et al. (28) . Therefore, small regions of the influenza virus double-stranded DNA structure formed between the two DNA strands may contain mismatched and unpaired nucleotides. After transformation of E. coli with such partial DNA duplexes, the cellular DNA repair enzymes presumably can correct the mismatches and complete the unpaired regions. This appears to be the case because the Pst I sites were preserved. Thus, it should be possible to obtain viral DNA clones containing full-genomic information if reverse transcription of the vRNA progresses to completion.
Insertion of the influenza DNA duplexes at the Pst I site of pBR 322 by using the oligo(dG) and oligo(dC) joining sequences yielded recombinant plasmids from which the virus-specific DNA fragments could be separated after Pst I digestion. The viral components were thus easily isolated for further characterization, such as mapping by restriction enzyme cleavage and transcription orientation.
Four to five independent recombinant plasmids were recovered for each gene segment cloned. Most of the corresponding DNA species and their restriction fragments appeared to be identical by gel analysis. Molecular size estimates of the DNA fragments including the G/C linker sequences were slightly greater than those of corresponding (+) cDNA strands which appeared to be complete or almost complete transcripts. This suggests that the cloned DNA segments probably represent full-length molecules. However, it will be necessary to determine nucleotide sequences at both termini in order to identify which, if any, of the cloned DNAs contain complete genomic sequences. Complete influenza viral DNA segments corresponding to each of the eight genes should be useful in elucidating a number of properties of the virus. First, rapid DNA sequence determination methods are available for obtaining the entire nucleotide sequences which should yield information regarding the encoded protein structures. Comparison of sequences unique in each influenza A subtype should provide insight into the origin of antigenic variability which is a prominent characteristic of this virus. Second, the availability of DNA molecules should provide a useful probe for further examination of the control of influenza virus replication at both the transcriptional and translational levels. Third, cloned viral DNA can be used to study translation of individual genes after introduction, in an appropriate vector, into prokaryotic or eukaryotic cells. Fourth, modification of cloned DNA offers one approach to the construction of defined influenza mutants. Success of this approach is of course dependent upon development of a technique for converting cloned DNA back into virion RNA.
